Effective relativistic nuclear models like the a-co model [ 1 ] , yield a compressibility of nuclear matter which is only in poor agreement with experimental results K,.xp = 210-300 MeV [2] [3] [4] . The a-m model used in the relativistic Hartree approximation (RHA) [ 5 ] provides us with compressibilities in heavy finite nuclei of about K,=330 MeV [6] . The compressibility of nuclear matter, K.m, is extracted from these finite nuclei results and compared with experiment.
The frequency of the isoscalar giant monopole resonance (ISGMR) in the a-m model is found to be approximately constant over a wide range of nuclei [6] , whereas experiments give m~-80A -~/3 MeV [7, 8] . Both the experimental and theoretical values result from calculations in which a harmonic oscillator (HO) approximation is assumed to be valid.
Simple estimates show that for lighter nuclei (A 4 100) the amplitude of the ISGMR corresponds to a variation of the RMS radius of 5-10%. Our a-co model calculations show that for such large deviations from equilibrium the first anharmonic terms in the energy expansion of the ISGMR are not negligible.
The purpose of this letter is to investigate the determination of the excitation energy beyond the HO approximation of the ISGMR. We will also discuss the application of the leptodermous expansion to obtain values for the nuclear matter and surface compressibility.
We follow the authors of ref. [6] and use the a-o9 model in the RHA [ 5 ] , but we also include the Coulomb interaction. Introducing the single particle wavefunction L~(r) and the single particle energy e~ the relativistic Hartree equation can be written as tTIU,(r)=eaUa(r) , (1) with /t= -ia~-V+ 7om-gs~0~0(r) +gv Vo(r) +eAo(r) . Vo(r) =gv f dr' Dv(r-r' )pb(r' ) , (4) Ao(r)=~e(l+T3)fdr' pp(r' ) (5) max(r, r') '
where D~v) and g~(v) denote the Green function and coupling constant of the a (¢o) meson respectively, r3 gives the usual isospin factor. The scalar and baryon densities are given by oct p~(r)= ~ Oa(r)L~(r), (6) a occ pb(r) ~ Ut'r" .
a
The proton density pp is identical to the baryon density Pb with the summation carried out over the proton states only. Eqs. ( 1 )- (7) are solved self-consistently for all particle levels, assuming the nuclear ground state to be spherically symmetric. The total energy of the nucleus is given as
The ISGMR is induced by the response to an external static potential. We follow the authors of ref. [6] in taking a quadratic, harmonic potential causing a change in the nuclear mean square radius R defined by R 2= ~ drpb(r)r 2 . (9) The number of nucleons is denoted by A. The RH equation now reads
. (10) The RMS radius of the unperturbed nucleus is denoted by Ro. Both the mean square radius R and the energy of the nucleus now depend on the parameter 2. Instead of using this parameter, we introduce the collective variable s, R s=~-l, (11) for which the energy E of the nucleus can be expanded in terms of s:
The coefficient KA is identified to be the compressibility of the nucleus. In fact, for a nucleus with a sharp surface and a homogeneous density distribution it can be shown easily that K4 corresponds to the nuclear matter compressibility Knm. The mass or inertia parameter B of the monopole vibration results from an expansion of E in terms of the time derivative of the collective variable, ~ [ 9 ] . Defining the velocity field v(r, s, ~) by
where](r, s, +) is the nuclear current resulting from the monopole vibration, the current conservation law yields 0pb (r) . 0pb (r)
O~ =s Os ----V'[pb(r)v(r's's')]'
eq. (14) suggests a radial velocity field vofthe form [61
The velocity distribution u(r) can be determined from eq. (14) . It can now easily be shown [ 6 ] that
In our actual ¢r-~o model calculations, we use the parameters of Horowitz and Serot [ 5 ] . Table 1 summarizes the results for K~ and B obtained for six spherical nuclei, 160, 4°Ca, 48Ca, 9°Zr, l l4Sn and z°spb, using the previously discussed method. Since higher order contributions in the expansion ore (eq. ( 12 ) ) turn out to be of significant importance, we also list the coefficient of the first anharmonic terms in the expansion eq. (12), K3 and/£4. Our calculations indicate that these corrections properly reflect the anharmonicities in eq. (12) .
Traditionally, the frequency of the ISGMR is defined as the harmonic oscillator frequency:
A simple calculation shows however that the corresponding amplitudes of the harmonic oscillation are in the range from s = 0.02 for 2°SPb up to about s = 0.1 for ~60. It is immediately clear from eq. ( 12 ) that the anharmonic terms are not negligible for these amplitudes. We therefore conclude that eq. (17) does not satisfy to calculate the frequency of the ISGMR. Instead we propose to obtain this frequency using the energy solutions of a Schr6dinger equation for a potential well, described by
with the mass parameter taken from table 1. The frequencies o),, resulting from this analysis, as well as the HO frequencies are listed in table 2. The full potential ( 18 ) leads to results that are only slightly different from the HO approximation. Inspite of this apparent agreement the anharmonic corrections are rather large, especially for lighter nuclei. This is illustrated in fig. 1 for the case of J 60. With respect to the HO well the full potential shows a steeper behaviour Collective variable s 
AKA '
In table 3 the results of the HO and full potential are compared, both for the ground state and the first excited state of the ISGMR. We observe that inclusion of anharmonic terms leads to a significant increase of the radius of lighter nuclei, having possibly consequences for the process of sub-barrier fusion (see e.g. ref. [ 10] ). In contrast, the HO model gives (R 2 ) R 2. As expected, the difference between the two models gets less for heavy nuclei. The HO approach (eq. (17)) is customarily used to extract the compressibility coefficient from experiment. Replacing B by mR 2, where m is the nucleon mass, one has [ 11 ] 
usually referred to as the leptodermous expansion. [12] . The coefficients in eq. (21) are not uniquely determined by experiment. The nuclear matter compressibility gnm e.g., runs from about 210 MeV [2] up to 300 MeV [4] . The discussion on the correct gnm value is still going on [ 13 ] . We apply the leptodermous expansion to our theoretical KA values. It is believed that this approach can be used to extract the nuclear matter compressibility since we observe that the transition density for 2°Spb in our model shows a behaviour which is in qualitative agreement with the transition density in the scaling model [ 12 ] , for which the leptodermous expansion holds (see e.g. ref. [ 14 ] [ 15 ] if we take all terms in the leptodermous expansion into account (case ii). The conclusions of this paper can be summarized in the following way. Anharmonic corrections to the energy expansion do not affect the frequency of the ISGMR determined from a simple HO analysis severely. In contrast, they do have a significant effect on the radius of light nuclei. Finite nuclei compressibilities resulting from the a-co model offer the opportunity to extract a value for gnm using this leptodermous expansion; the number of doubly closed nuclei limits the reliability of the other coefficients in this expansion. More realistic relativistic models [ 16, 17 ] are needed to explain the experimental data.
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